The contour of fundamental frequency (F0) of the final word is the primary acoustic cue for intonation production and perception in English utterances. On the other hand, speakers of Mandarin Chinese may have to use other acoustic cues such as amplitude and duration rather than F0 contours to differentiate intonation contrasts since F0 contours carry lexical meaning in Mandarin Chinese. The goal of this study was to examine the role of the final word amplitude in intonation perception of English sentences. The final word amplitude was manipulated at three levels relative to the carrier sentence: -6, 0, and +6 dB. F0 contours of the final word were controlled continuously from falling to rising patterns. Listeners' task was to identify the sentence intonation: question or statement. Preliminary results showed the intonation boundary shifted from slightly falling F0 contours to slightly rising F0 contours as the final word amplitude decreased for Chinese listeners, but the boundary did not change for the three amplitudes for English listeners. These results imply that Chinese listeners may use the final word amplitude as a secondary cue to perceive intonation contrasts in English, while English listeners may primarily rely on F0 contours for intonation perception.
INTRODUCTION
The contour of fundamental frequency (F0) of the final word is the primary acoustic cue for intonation production and perception in English utterances (Eady and Cooper, 1986; Liu and Rodriguez, 2012) . Fundamental frequency is a measurable characteristic that relates to vocal pitch. Liu and Rodriguez (2012) reported that in a categorical perception paradigm, the intonation identification function along the F0 continuum was significantly steeper for Mandarin Chinese listeners than for English listeners, indicating the language effect on intonation perception. On the other hand, because F0 contours carry lexical meaning in Mandarin Chinese (i.e., level, rising, falling-then-rising, and falling tones; Howie, 1976) , native speakers of Mandarin Chinese may have to use other acoustic cues such as amplitude and duration of the final word in the utterance rather than F0 contours to differentiate intonation contrasts (Yuan 2004) . The goal of this study was to examine the role of the final word amplitude in intonation perception of English sentences for English and Chinese listeners. We hypothesized that Chinese listeners may have to rely on amplitude cues for intonation perception, while English listeners may primarily depend on F0 contour cues for intonation contrasts. That is, the identification function along the F0 contour continuum is expected to show intonation boundary shift with the final word amplitude changes for Chinese listeners, but not for English listeners.
METHOD Participants
Two groups of listeners participated in this study: five American English native speakers and five Mandarin Chinese native speakers. The participants ranged from age 20 to 38 and had normal hearing. The Chinese native speakers started their formal school-based English education in China at 11-13 years old and resided in the US for less than two years, except for one participant (the second author).
Stimuli
The sentence "Beth fed the dog" was used as the stimuli with "dog" being the target word. The final word amplitude was manipulated at three levels relative to the carrier phrase ("Beth fed the"): -6, 0, and +6 dB. For a given final word amplitude, F0 contours of the final word were manipulated continuously from falling (e.g., 250 to 200 Hz) to rising (e.g., 250 to 300 Hz) patterns with a step size of 5 Hz in a high-fidelity speech synthesizer: STRAIGHT (Kawahara et al., 1999) . The final word with a certain target-to-carrier (TTC) ratio was appended to the carrier phrase after the linear F0 contour was created for the final word. Thus, there were 21 stimuli with linear F0 contours for the final word. The carrier phrase was calibrated and presented at 70 dB SPL.
Procedure
Each participant was seated in a soundproof booth. The sentence stimuli sampled at 24,424 Hz were routed through the TDT digital sound processor (RP2.1) and headphone buffer (HB7.1) and then presented to the right ears of listeners via ER-2 insert receivers. The presentation of the stimuli with different F0 contours for each final word amplitude condition was randomized and the order of the three final word amplitude conditions was randomized as well. Participants were asked to take a short break every 7-8 mins. For each trial, listeners' task was to identify the sentence intonation (question or statement) through a closed set of options. Each of the F0 continuum of the final word was presented 20 times for each listener, resulting in 420 trials for each final word amplitude condition (21 F0 contours x 20 repetitions). 
Data analysis
A sigmoidal model, shown in the Eq. 1, was used to fit the intonation identification function for each listener based on the binomial distribution of the identification scores and the sigmoidal shape of the identification function. where x 0 refers to the intonation boundary at 50% identification, b indicates the steepness factor of the identification function, p is the percent of the identification of question patterns, and x is the offset F0 frequency of the final word. The fitness of the sigmoid model was run in SigmaPlot® v10.0 that used the Marquardt-Levenberg algorithm (Marquardt, 1963) to seek the parameters (x 0 and b) of the independent variable (x), giving the best fit between the equation and the data (p). An iterative process was conducted for the algorithm to find the values of the parameters that minimized the sum of the squared differences between the observed and predicted values of the dependent variable (p).
FIGURE 2. Sigmoidal fitting functions for intonation identification as a function of the offset F0 for English-native (EN; top) and Chinese-native (CN; bottom) listeners for the three TTC ratios: -6, 0 and +6 dB.
RESULTS
The average identification rate of question intonation over the five listeners in each group was plotted for the three final word amplitudes and for Chinese and English listeners in Figure 1 , while the corresponding sigmoidal fitting functions were illustrated in Figure 2 Tukey post hoc tests indicated that the intonation boundary for the TTC ratio of -6 dB (e.g., average 252 Hz) was significantly higher than that for the TTC ratio of 6 dB (e.g., average 246 Hz).
DISCUSSION
The purpose of this study was to examine whether the final word amplitude significantly affected intonation perception of English sentences for Chinese and English listeners. Results showed that Chinese listeners need significantly higher offset F0 frequency (i.e., more rising F0 contour) to perceive a question intonation as the final word amplitude decreased. However, the intonation identification function did not change with the final word amplitude for English listeners. This suggested that the amplitude of the final word significantly affected Chinese listeners' judgment of speech intonation, but did not influence English listeners' intonation perception. These results were consistent with previous findings that Mandarin Chinese speakers are dependent on amplitude cues of the final word to differentiate intonation contrasts (Yuan, 2004) . In addition, English listeners may rely primarily on F0 contours for intonation perception. Future research is to focus on the role of final word durations on intonation contrasts.
